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Abstract
The scale of a phenomenologically successful charge-symmetry-violating
nucleon-nucleon interaction, that attributed to meson exchange with a ∆I = 1
rho-omega transition, is set by the Coleman-Glashow SU(2) breaking tadpole
mechanism. A single tadpole scale has been obtained from symmetry argu-
ments, electromagnetic meson and baryon measured mass splittings, and the
observed isospin violating (∆I = 1) decay ω → pi+pi−. The hadronic realiza-
tion of this tadpole mechanism lies in the I = 1 a0 scalar meson. We show that
measured hadronic and two-photon widths of the a0 meson, with the aid of
the Vector Meson Dominance model, recover the universal Coleman-Glashow
tadpole scale.
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I. INTRODUCTION
An isospin-violating effective interaction, with the strength of second-order electromag-
netic (em) theory and labeled Hem, has long been invoked to explain the observed ∆Iz = 1
meson and baryon diagonal electromagnetic mass splittings, and the observed ∆I = 1 off-
diagonal transitions ρ◦ − ω, π◦ − η, and π◦ − η′. In particular, it is the effective em ρ◦ − ω
transition
〈ρ◦|Hem|ω〉 ≈ −4520 MeV2 , (1)
as found [1] from the observed [2] isospin violating (∆I = 1) decay ω → π+π−, which un-
derlies the dominant charge-symmetry-violating (CSV) nucleon-nucleon interaction of refs.
[3,4]. The latter CSV NN force is quite successful in explaining the observed charge symme-
try violation in nuclear physics. These observations include NN scattering and bound state
(the Okamoto-Nolen-Schiffer anomaly) differences in mirror nuclear systems, Coulomb dis-
placement energies of isobaric analog states, isospin-mixing matrix elements relevant to the
isospin-forbidden beta decays, and precise measurements of the elastic scattering of polarized
neutron from polarized protons [5,6]. In addition, the latter CSV ρ◦ − ω mixing potential
is “natural” (i. e. dimensionless strength coefficients are O(1) in the contact force limit) in
the context of low-energy effective Lagrangian approaches to nuclear charge symmetry vio-
lation [7]. In spite of the phenomenological success and theoretical plausibility of the CSV
potential based upon the effective ∆I = 1 Hamiltonian density in eq. (1), this potential has
been criticized in the recent literature on nuclear charge symmetry violation [8].
Alternative approaches [9] based, not on data and physical Feynman amplitudes, but
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upon a “mixed propagator” of field theory, imply a CSV NN potential which is neither
consistent with the nuclear data nor with the naturalness criterion. One of the misleading
conclusions stemming from a focus on the mixed propagator (only an ingredient of an NN
potential) will be discussed in another paper [10]. In this paper we return to the theory
behind eq. (1): the Coleman-Glashow tadpole picture [11,12] in which both transitions
〈ρ◦|Hem|ω〉 and 〈π◦|Hem|η〉 are given by the tadpole graphs of Fig. 1 and the photon exchange
graphs of Fig. 2. We re-examine, in the light of current particle data [13], the numerical
accuracy of vector meson dominance (VMD) [14], and then use VMD to link measured
decays of the I = 1 scalar meson a0 to the universality of ∆I = 1 meson transitions recently
established [15]. We close with a discussion of the implications of our results for recent
conjectures about a direct ω → 2π coupling [16–20]; ie. a decay not based on ω → ρ→ 2π,
which is a G parity-violating ∆I = 1 transition.
II. THE PHOTONIC AND TADPOLE COMPONENTS OF HEM
The effective ∆I = 1 Hamiltonian density Hem in (1) was originally thought [11,12] to
be composed of a Coleman-Glashow (CG) nonphotonic contact tadpole part (now couched
in the language of the u3 current quark mass matrix q¯λ
3q) along with a photonic part HJJ
involving intermediate photon exchange. This CG tadpole mechanism [11]
Hem = H
3
tad +HJJ , (2)
with a single tadpole scale, in fact explains the 13 ground state pseudoscalar, vector, octet
baron, and decuplet baryon SU(2) observed diagonal mass splittings without the introduc-
tion of additional free parameters [15].
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For the off-diagonal ρ◦ − ω transition, Gatto [21] first showed that the vector meson
dominance (VMD) of Fig. 2 predicts the photon exchange contribution
〈ρ◦|HJJ |ω〉 = (e/gρ)(e/gω)m2V ≈ 644 MeV2 . (3)
In (3) we have used the average ρ◦ − ω mass mV = 776 MeV along with the updated
VMD ratios gρ/e ≈ 16.6 and gω/e ≈ 56.3, with the latter gρ and gω couplings found from
electron-positron decay rates [13]:
Γρee =
α2
3
mρ(g
2
ρ/4π)
−1 ≈ 6.77 keV , (4a)
Γωee =
α2
3
mω(g
2
ω/4π)
−1 ≈ 0.60 keV , (4b)
leading to gρ ≈ 5.03 and gω ≈ 17.05 for e =
√
4πα ≈ 0.30282. Note that Eqs. (4a,4b)
imply the ratio gω/gρ ≈ 3.4, which is reasonably near the SU(3) value gω/gρ = 3. Finally,
combining the VMD HJJ prediction (3) with the observed Hem transition in (1), one finds
the CG tadpole transition using (2) is
〈ρ◦|H3tad|ω〉 ≈ −4520 MeV2 − 644 MeV2 ≈ −5164 MeV2 . (5)
In fact this off-diagonal CG tadpole scale of (5) extracted from ω → 2π data combined
with the VMD scale of (3) is quite close to the CG tadpole scale predicted from the SU(3)
diagonal vector meson mass splittings [22]. If the ω is assumed to be pure nonstrange, the
SU(3) prediction becomes
〈ρ◦|H3tad|ω〉 = ∆m2K∗ −∆m2ρ ≈ −5120 MeV2 , (6)
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obtained using the 1996 PDG values, mK∗+ ≈ 891.6 MeV, mK∗0 ≈ 896.1 MeV so that
∆m2K∗ = m
2
K∗+ −m2K∗0 ≈ −8040 MeV2. While mρ+ ≈ 766.9 MeV, the more elusive ρ0 mass
at [23] mρ0 ≈ 768.8 MeV then requires ∆m2ρ = m2ρ+ −m2ρ0 ≈ −2920 MeV2. The difference
between ∆m2K∗ and ∆m
2
ρ above then leads to the right hand side of (6).
Since only a slight change of mρ0 above can shift ∆m
2
K∗ − ∆m2ρ by more than 10%, it
is perhaps more reliable to exploit SU(6) symmetry between the pseudoscalar and vector
meson masses, m2K∗ − m2ρ = m2K − m2pi. But because this SU(6) relation is valid to within
5%, it is reasonable to assume the SU(6) mass difference ∆m2K∗ −∆m2ρ = ∆m2K −∆m2pi also
holds. Then the ρ◦ − ω tadpole transition (6) is predicted to be [15]
〈ρ◦|H3tad|ω〉 = ∆m2K∗ −∆m2ρ = ∆m2K −∆m2pi ≈ −5220 MeV2 , (7)
because pseudoscalar meson data [13] requires ∆m2K = m
2
K+ − m2K0 ≈ −3960 MeV2 and
∆m2pi = m
2
pi+ − m2pi0 ≈ −1260 MeV2, leading to the right hand side of (7). Comparing
the similar tadpole scales of ∼ −5200 MeV2 in (5),(6), and (7), we might deduce from
this consistent picture that 〈ρ◦|Hem|ω〉 in turn is predicted to have the scale 〈ρ◦|Hem|ω〉 ≈
−4500 MeV2, as was found from the Barkov ω → 2π data [1,2].
To emphasize that the above tadpole scale (5)-(7) of the off-diagonal ∆I = 1 ρ◦−ω tran-
sition also holds for the diagonal electromagnetic mass differences as well, we briefly review
the well-measured pseudoscalar π and K em mass splittings. It has long been known [24]
that ∆m2pi is essentially due to the photonic self-interaction mass shifts of the charged and
uncharged pions [25]. As noted in Ref. [15], this familiar idea takes the form in the tadpole
picture ((Hem)pi+ = 〈π+|Hem|π+〉, etc):
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∆m2pi ≡ (Hem)∆pi ≡ (Hem)pi+ − (Hem)pi◦ = (H3tad)∆pi + (HJJ)∆pi = (HJJ)∆pi , (8a)
where the first equality is due to the CG decomposition (2) and the second equality is because
(H3tad)∆pi = 0 due to SU(2) symmetry. However (H
3
tad)∆K does not vanish in the analogous
CG kaon mass splitting relation
∆m2K ≡ (H3tad)∆K + (HJJ)∆K . (8b)
Then subtracting (8a) from (8b) while using the Dashen PCAC observation [26]
(HJJ)pi◦ = (HJJ)K◦ = (HJJ)K¯◦ = 0 , (HJJ)pi+ = (HJJ)K+ , (8c)
which is strictly valid in the chiral limit, one is led [15] to the diagonal pseudoscalar meson
tadpole scale
(H3tad)∆K ≡ (H3tad)K+ − (H3tad)K◦ = ∆m2K −∆m2pi ≈ −5220 MeV2 . (9)
Extending ∆m2K −∆m2pi to ∆m2K∗ −∆m2ρ via SU(6) along with (H3tad)∆K = (H3tad)∆K∗ also
by SU(6) symmetry yields the diagonal vector meson tadpole scale
(H3tad)∆K∗ ≡ (H3tad)K∗+ − (H3tad)K∗◦ = ∆m2K∗ −∆m2ρ ≈ −5120 MeV2 . (10)
Thus we see that the off-diagonal ρ◦ − ω tadpole scales (5) - (7) together with the diag-
onal tadpole scales in (9) and (10) are indeed universal. This -5200 MeV2 scale also is
approximately valid for diagonal baryon masses when one uses quadratic mass formulae for
baryons [15].
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III. TADPOLE MECHANISM AND THE a0(980)
The I = 1 a0 scalar meson is assumed to play a unique role in the Coleman-Glashow
∆I = 1 tadpole mechanism which describes SU(2) mass differences and mixing among
hadrons [11,12,27]. Furthermore this meson is also almost unique among the scalar mesons
in that it is experimentally well established with known decay parameters. Therefore one
can test the universal tadpole scale of the previous section against experimental data from
an entirely different sector. We shall see that this confrontation yields yet another consistent
pattern of a ∆I = 1 universal tadpole scale.
More specifically the ∆I = 1 em tadpole graphs of Figs. 1 are controlled by the I = 1
a0(980) pole for both a0 → ωρ0 and a0 → ηπ0 transitions. The unknown tadpole 〈0|H3tad|a0〉
and the a0 propagator cancel out of the ratio
F˜a0ρ0ω
Fa0pi0ηNS
≈ 〈ρ
◦|H3tad|ω〉
〈π◦|H3tad|ηNS〉
, (11)
where F˜a0ρ0ω ≡ m2a0Fa0ρ0ω. The left hand side of (11) can be related to the experimental ratio
obtained from the PDG rate Γa0γγ = (0.24 ± 0.08) keV (assuming Γa0piη is overwhelmingly
dominant) divided by Γa0piη ≈ 75 MeV, midway between the PDG range (50-100) MeV:
r =
Γa0γγ
Γa0piη
≈ 0.24 keV
75 MeV
≈ 3.2× 10−6 . (12)
This relation is again the vector meson dominance (VMD) model turning the vector mesons
of Fig 2 and (11) into the γ’s of (12), since the “rate” for a0 → ρ0ω cannot be directly
measured.
To illustrate the VMD model [14] in this context, we first study ωπγ coupling (times the
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usual Levi-Civita factor ǫµναβk
′µkνǫαǫβ) by comparing it to π0γγ coupling (divided by 2 due
to Bose symmetry)
Fωpi0γ = (gω/e)Fpi0γγ/2 ≈ 0.704 GeV−1 (13a)
by virtue of VMD turning an ω into a γ. Here Fpi0γγ = α/(πfpi) ≈ 0.025 GeV−1 as found
from the axial anomaly or using instead the π0γγ rate of 7.6 eV [13]. This VMD prediction
(13a) is in excellent agreement with the measured value [13]
Fωpi0γ =
√
12πΓωpi0γ/k3 ≈ 0.704 GeV−1 , (13b)
where the amplitude Fωpi0γ is also weighted by ǫµναβk
′µkνǫαǫβ. A similar VMD prediction
for ρ→ π0γ is also quite good: The VMD amplitude is
Fρpi0γ = (gρ/e)Fpi0γγ/2 ≈ 0.208 GeV−1 (13c)
using gρ ≈ 5.03 found from (4a), while data implies
Fρpi0γ =
√
12πΓρpi0γ/k3 ≈ 0.222 GeV−1 , (13d)
as extracted from the PDG tables in [13].
Given this justification of VMD in equs. (13), we follow Bramon and Narison [28] and
use VMD to link the CG tadpole mechanism of Figs. 2 with the observed properties of the
a0 meson. We return to (11) and note that the a0ρ
0ω coupling in (11) is divided by 2 (as it
was in (13a)) when applying VMD to the identical photon transition:
Fa0ρ0ω ≈ (gω/e)(gρ/e)Fpi0γγ/2 . (14)
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Since both Fa0ρ0ω and Fa0γγ are weighted by the covariant form ǫ
∗′
µ ǫ
∗
ν(k
′ · kgµν − kµk′ν) which
squares up to (k′ · k)2 = 2(m2a0/2)2, the desired amplitude F˜a0ρ0ω = m2a0Fa0ρ0ω has the same
(GeV)1 mass dimension as does Fa0pi0ηNS . The latter is given as
Fa0pi0ηNS = Fa0pi0η/ cosφ ≈ 1.35Fa0pi0η (15)
for the η′ − η mixing angle φ ≈ 42◦ in the NS − S quark basis [29].
On the other hand, the theoretical branching ratio rates become with VMD [28]
r =
Γa0γγ
Γa0piη
=
1
4
∣∣∣∣∣kγkη
∣∣∣∣∣ F˜
2
a0γγ
F 2a0piη
=
4
4
∣∣∣∣∣kγkη
∣∣∣∣∣
(
e
gω
)2 (
e
gρ
)2 F˜ 2a0ρ0ω
F 2a0piη
, (16)
where kγ = 492 MeV, kη = 321 MeV, so that |kγ/kη| ≈ 1.53. The factor of 14 in (16)
corresponds to Feynman’s rule of 1
2
for two identical final-state photons, times the numerator
factor of 1
2
in (16) coming from the square of the covariant factor ǫ∗
′
µ ǫ
∗
ν(k
′ ·kgµν−kµk′ν) (times
m2a0 which is absorbed into the definition of F˜a0γγ). Finally a factor of 4 in the numerator
of the right hand side of (16) is due to the square of the VMD relation (14).
Substituting the observed r from (12) back into the theoretical ratio (16) and converting
to the ηNS basis using (15) then leads to the amplitude ratio
F˜a0ρ0ω
Fa0pi0ηNS
≈ 1.0 , (17a)
a result which stems only from observed properties of the a0 meson and VMD.
If one goes further and identifies the transition 〈0|Hem|a0〉 as the Coleman-Glashow tad-
pole, the VMD-phenomenological estimate of unity for the ratio (17a) requires the tadpole
ratio in (11) and in Figs. 1 also to be unity
〈ρ◦|H3tad|ω〉
〈π◦|H3tad|ηNS〉
≈ 1.0 , (17b)
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This hadronic picture of the CG tadpole is consistent with the universal SU(6) tadpole scale
already obtained in Ref. [15] and reviewed in Section 2.
Implicit in this identification is the conventional q¯q assignment of the a0. According to
ref. [28], the tadpole mechanism fails to predict the experimental Γa0γγ if the a0 is considered
to be a q¯qqq¯ state. Recent K-matrix analyses of meson partial waves from a variety of
three-meson final states obtained from π−p and pp¯ reactions show rather convincingly that
both the I = 1 a0(980) and I = 0 f0(980) mesons are formed from the bare states which
are members of the lowest q¯q nonet [30]. Recent theoretical developments supporting the
assignment of the a0 to the scalar meson q¯q nonet are reviewed in Ref. [31].
The modern identification of the tadpole scale with the mass difference of the up and
down current quarks:
H3tad =
1
2
(mu −md)q¯λ3q, (18)
suggests a parallel treatment of the hadronic and two-photon couplings of the a0 based on the
three point function method in QCD sum rules. One begins with VMD to express another
measured ratio
Γa0γγ
Γpi0γγ
≈ m
3
a0
m3pi
ga0ρ0ω
gpi0ρ0ω
(19)
in terms of the strong coupling constants ga0ρ0ω and gpi0ρ0ω. The latter coupling constant
ratio is then estimated with the aid of QCD sum rules which bring in the up and down
current quark masses. The result is again a reasonable value for Γa0γγ and the ratio r of
(12). This QCD sum rule treatment of the a0 decays is consistent with, but does not really
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give new information about the Coleman-Glashow tadpole. So we do not describe it further
and refer to Refs. [28,32] for a detailed account of this QCD sum rule program.
IV. DISCUSSION
In Section 3, vector meson dominance was used to link measured decays of the I = 1
scalar meson a0 to the universality of ∆I = 1 meson transitions 〈ρ◦|Hem|ω〉 and 〈π◦|Hem|η〉
recently established [15]. One element of this universality is the value of the effective em
ρ◦−ω transition found [1] from the observed [2] isospin violating (∆I = 1) decay ω → π+π−.
To obtain this value, the decay is analyzed as ω → ρ → 2π [4]. It has recently been
asserted [16] that a direct ω → 2π coupling is not only necessary on general principles, but
that a significant coupling is supported by a theoretical QCD sum rule analysis of a isospin-
breaking correlator of vector currents. This assertion has prompted reanalyses of the data
on e+e− → π+π− [17,18], and the modeling of this putative contact ω → 2π term in two
quark based models of ρ◦ − ω mixing [19,20]. The results of these three investigations are
somewhat mixed. Here they are given as the ratio G = gωIpipi/gρIpipi, where ωI and ρI are
the basis states of pure isospin I = 0 and I = 1, respectively. The data analysis of Ref. [18]
suggests G ≈ 0.10, the coupled Dyson-Schwinger equations approach [20] finds a value five
times smaller (G ≈ 0.017), and the generalized Nambu-Jona-Lasinio model [19] predicts a
value which is a further factor of four smaller (G ≈ 0.004). The last very small ratio would
make direct ω decay a relatively unimportant contribution to the calculation of ρ◦−ω mixing
from the data. On the other hand, the isospin breaking from direct ω decay suggested by the
data analysis [18] is a huge 10% rather than the few percent usually found for isospin breaking
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(cf. the 2% Coleman-Glashow ratio reviewed in the Appendix of Ref. [15]). This in turn
drives the value of 〈ρ◦|Hem|ω〉 up to ≈ −6830 MeV2, rather far from the value of ≈ −4520
MeV2 (quoted in Eq. (1)) obtained from the same data when this putative contact term is
ignored. It is the latter value which was shown in sections 2 and 3 to be consistent with the
universality discussed there. The most recent extraction of a ρ◦ − ω mixing parameter from
the data eschews such a separation into a contact ω → π+π− and mixing ω → ρ→ 2π term
on the grounds that it is model dependent [33,34]. As we have seen, a significant contact
G-parity violating ω → 2π coupling would increase in magnitude the value of 〈ρ◦|Hem|ω〉 to
such an extent that it would not be consistent with the off-diagonal ρ◦−ω tadpole scales (6)
and (7), nor with the diagonal tadpole scales in (9) and (10), nor with the diagonal tadpole
scales obtained from the baryon mass differences [15]. Furthermore, such a large value of
〈ρ◦|Hem|ω〉 is not consistent with the ∆I = 1 universal tadpole scale obtained in (17) with
the aid of the Vector Meson Dominance (VMD) model. In view of the inconsistency with the
global Coleman-Glashow picture and the limited support from quark based models [19,20] for
a contact ω → 2π which violates G-parity, it is instructive to look at the analogue four-point
contact term in the strong decay ω → 3π. This term was introduced on general grounds some
time after the suggestion [35] that ω → ρπ → 3π will dominate the ω → 3π transition. This
dominance of this VMD ωρπ pole diagram model has been confirmed by the experimental
study of the e+e− → 3π reaction [36]. In fact, a contact term large enough to satisfy a
low-energy theorem [38] in the pseudoscalar sector(the AVV anomaly) spoils agreement with
this data. The history of the fate of the contact ω → 3π term can be traced in Ref. [37],
which concludes that “nowadays the existence and magnitude of the contact term can be
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extracted neither from theory, nor experiment.”
We suggest that a similar fate may be store for the proposed G-parity violating ω → 2π
contact term. While its effects cannot be cleanly isolated from data [17,18], in contrast to
the proposed strong interaction ω → 3π contact term, nevertheless the introduction of this
G-parity violating ω → 2π contact term is inconsistent with the SU(6) prediction (7), the
universal CG tadpole scale [15], and, as shown in section 3, the measured decay properties
of the a0 meson.
13
REFERENCES
[1] S. A. Coon and R. C. Barrett, Phys. Rev. C36, 2189 (1987).
[2] L. M. Barkov et al., Nucl. Phys. B 256, 365 (1985).
[3] P. C. McNamee, M. D. Scadron, and S. A. Coon, Nucl. Phys. A249, 483 (1975).
[4] S. A. Coon, M. D. Scadron, and P. C. McNamee, Nucl. Phys. A287,381 (1977).
[5] see reviews by E. M. Henley and G. A. Miller, in Mesons and Nuclei, edited by M. Rho
and D. Wilkinson (North-Holland, Amsterdam,1979); G. A. Miller, B. M. K. Nefkens,
and I. Slaus, Phys. Rep. 194, 1 (1990)
[6] G. A. Miller and W. T. H. van Oers, in Symmetries and Fundamental Interactions in
Nuclei, W. Haxton and E. M. Henley, eds. (World Scientific, Singapore, 1995).
[7] U. van Kolck, J. L. Friar, and T. Goldman, Phys. Lett. B371, 169 (1996).
[8] T. Goldman, J. A. Henderson, and A. W. Thomas, Few-Body Systems 12 (1992) 123.
[9] T. Hatsuda, E. M. Henley, Th. Meissner, and G. Krein, Phys. Rev. C49 (1994) 452; K.
Maltman, Phys. Lett. B313 (1993) 203; H. B. O’Connell, B. C. Pearce, A. W. Thomas,
and A. G. Williams, Phys. Lett. B336, 1 (1994).
[10] S. A. Coon, B. H. J. McKellar, and A. A. Rawlinson, Intersections betwen Particle and
Nuclear Physics, ed. T. W. Donnely, AIP Conf. Proc. 412(AIP, New York, 1997) p 368.
[11] S. Coleman and S. Glashow, Phys. Rev. Lett. 6, 423 (1961); Phys. Rev. 134, B671
(1964).
[12] S. Coleman, Aspects of Symmetry (Cambridge University Press, Cambridge, 1985) pp.
23-35.
[13] Particle Data Group (PDG), R. M. Barnett et al., Phys. Rev. D54, 1 (1996).
14
[14] By VMD we mean the traditional representation in which the photon couples to hadronic
matter exclusively through a vector meson and the coupling of the photon and the vector
meson has a fixed strength, as suggested by data analyses. See e.g., T. H. Bauer, R. D.
Spital, D. R. Yennie, and F. M. Pipkin, Rev. Mod. Phys. 50, 261(1978).
[15] S. A. Coon and M. D. Scadron, Phys. Rev. C51, 2923 (1995) and references therein.
[16] K. Maltman, Phys. Rev. D 53, 2563 (1996).
[17] K. Maltman, H. B. O’Connell, and A. G. Williams, Phys. Lett. B 376, 19 (1996).
[18] H. B. O’Connell, A. W. Thomas, and A. G. Williams, Nucl. Phys. A 623, 559(1997).
[19] C. M. Shakin and W.-D. Sun, Phys. Rev. D 55, 2874 (1997).
[20] K. L. Mitchell, P. C. Tandy, C. D. Roberts, and R. T. Cahill, Phys. Lett. B 335, 282
(1994); K. L. Mitchell and P. C. Tandy, Phys. Rev. C 55, 1477 (1997).
[21] R. Gatto, Nuovo Cimento 28, 658 (1963); also see M. Bourdin, L. Stodolsky, and F. M.
Renard, Phys. Lett. B 30, 249 (1969), F. M. Renard, Nucl. Phys. B 15, 118 (1970); R.
P. Feynman, Photon-Hadron Interactions (Benjamin,Massachusetts,1972); P. Langacker,
Phys. Rev. D 20, 1 (1979).
[22] M. Gourdin, Unitary Symmetries and Their Application to High Energy Physics, (North-
Holland, Amsterdam, 1967) pp. 91-101.
[23] The 1996 PDG reports [13] mρ0 = 768.1± 1.3MeV, 769.1 ± 0.9 MeV respectively from
photoproduction and from other measurements. Weighting these two errors as W1 =
(1.3)−2,W2 = (0.9)
−2, the average ρ0 mass ismρ0 = (W1m1+W2m2)(W1+W2)
−1 ≈ 768.8
MeV.
[24] T. Das, G. S. Guralnik, V. S. Mather, F. E. Low, and J. E. Young, Phys. Rev. Lett. 18,
15
759 (1967); J. J. Sakurai, Currents and Mesons (University of Chicago Press, Chicago,
1969), pp 150-152.
[25] For a review, see V. Dmitrasinovic, R. H. Lemmer, and R. Tegen, Comments Nucl. Part.
Phys. 21, 71 (1993).
[26] R. Dashen, Phys. Rev. 183, 1245(1969). The consequent “Dashen theorem” reads
“∆m2K = ∆m
2
pi to order e
2, neglecting strong interaction violations of SU(3)×SU(3)”.
These latter “violations” are in fact the leading Coleman-Glashow tadpole terms which
change the Dashen prediction ∆m2K = ∆m
2
pi to the empirical value ∆m
2
K ≈ −3∆m2pi.
[27] For further discussion of the connection between the tadpole mechanism, scalar mesons,
vector current divergences, and the current quark mass differences see N. Paver and M.
D. Scadron, Nuovo Cimento A79, 57 (1984), erratum A81, 530(1984); S. Narison, N.
Paver, E. de Rafael, and D. Treleani, Nucl. Phys. B 212, 365(1983).
[28] A. Bramon and S. Narison, Mod. Phys. Lett. A 4, 1113 (1989).
[29] For η′ − η mixing in the nonstrange-strange quark basis, see H. F. Jones and M. D.
Scadron, Nucl Phys. B 155, 409 (1979); M. D. Scadron, Phys. Rev. D 29, 2076 (1984);
A. Bramon and M. D. Scadron, Phys. Lett. B 234, 346 (1990); A. Bramon, R. Escribano,
and M. D. Scadron, Phys. Lett. B 403, 339 (1997); A. Bramon, R.Escribano, and M.
D. Scadron, “The η − η′ mixing angle revisited”, hep-ph/9711229. They find a mixing
angle φ ≈ 42◦.
[30] A. V. Anisovich and A. V. Sarantsev, Phys. Lett. B 413, 137 (1997), V. V. Anisovich,
A. A. Kondashow, Yu. D. Prokoshkin, S. A. Sadovsky, and A. V. Sarantsev,, “The two-
pion spectra for the reaction π−p→ π◦π◦n at 38 GeV/c pion momentum and combined
16
analysis of the GAMS, Crystal Barrel and BNL data”, hep-ph 9711319.
[31] M. Napsuciale, “Scalar meson masses and mixing angle in a U(3)× U(3) Linear Sigma
Model”, hep-ph 9803396, and references therein.
[32] C. A. Dominguez and N. Paver, Z. Phys. C 39, 39 (1988).
[33] S. Gardner and H. B. O’Connell, Phys. Rev. D 57, 2716(1998).
[34] The value of the effective mixing in Ref. [33], as well as in Refs. [17,18], is smaller
than that of Refs. [1,3,5,6]. This is because Ref. [33] analyzes directly the e+e− → π+π−
instead of the branching ratio ω → 2π. Even in the latter branching ratio analysis, width
of the ω is included in the formula for the extraction of 〈ρ◦|Hem|ω〉 (see equation (29)
in [33]). The latter papers [1,3,5,6] adopt the prescription that the width of a decaying
particle should not be included in the amplitude for that decay. However, the width of
an intermediate particle (the ρ in ω → ρ→ 2π should definitely be included in the decay
analysis.
[35] M. Gell-Mann, D. Sharp, W. G. Wagner, Phys. Rev. Lett. 8, 261(1962).
[36] A. Codier et al., Nucl Phys. B 172, 13(1980). A. D. Bukin et al. Sov. J. Nucl. Phys. 50,
621(1989)
[37] E. A. Kuraev and Z. K. Silagadze, Phys. Atom. Nucl. 58, 1589(1995).
[38] S. Adler, B. W. Lee, S. Treiman, A. Zee, Phys. Rev. D 4, 3497(1971); M. V. Terent’ev,
JETP Lett. 14, 40(1971); M. V. Terent’ev, Phys. Lett. B 38, 419(1972).
17
H3tad
ρ◦ ω
a◦
H3tad
π◦ ηNS
a◦
Figure 1 a◦ meson tadpole diagrams for the CSB ∆I = 1 transitions 〈ρ◦|H3tad|ω〉 and
〈π◦|H3tad|ηNS〉. According to Coleman and Glashow [11] , these are diagrams that can be
broken into two parts, connected only by the scalar meson a0 line, such that one part is
the scalar tadpole 〈0|H3tad|a0〉, represented by the circle, and the other part involves only
the SU(3) invariant strong interactions. The latter interactions, in this case, a0 → ωρ0 and
a0 → ηπ0 transitions, are represented by the coupling constants of (11).
ρ◦ ωγ
Figure 2 The current-current contribution 〈ρ◦|HJJ |ω〉 to 〈ρ◦|Hem|ω〉.
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